Abstract. Understanding habitat requirements for a threatened species is important for recovery planning and management of threatening processes. This study examines utilisation of wetland habitat by the threatened wallum sedge frog (Litoria olongburensis), which breeds in acidic waters of coastal sandy lowlands in subtropical eastern Australia. Habitat utilisation was determined by comparing perch substrate observations with perch substrate availability in wetlands occupied by the species throughout its mainland distribution range. A high proportion (75.3%) of adult wallum sedge frogs perched on upright sedges, comprising Baumea, Schoenus and Chorizandra species, which was much higher than expected on the basis of availability (P < 0.001). Baloskion pallens, a thin sedge-like herbaceous plant, was utilised by 12.1% of the frogs, which was lower than expected on the basis of availability (P = 0.020). Other herbaceous species and shrubs were also utilised significantly less than expected. The identification of preferred perch species is critical for impact assessment and mitigation activities, including design, construction, restoration and maintenance of wetlands suitable for the survival and reproduction of the wallum sedge frog.
Introduction
Understanding habitat use for a threatened species assists with recovery planning and management of threatening processes for the species (e.g. Meyer et al. 2006) . Some frog species use particular plant species (Beard et al. 2003; Watson et al. 2003) or structural components in a vegetation community (Parris 2001; Beard et al. 2003) . For example, Lüddecke et al. (2000) found that four terrestrial frogs in a neotropical community used different plant species as calling sites. Availability of particular plant species or vegetation structures may therefore influence survival and reproduction of some frog species.
The present study explores use of habitat by the wallum sedge frog (Litoria olongburensis Liem & Ingram, 1977) , which breeds in low pH waters of coastal sandy lowlands in subtropical eastern Australia (Ingram and Corben 1975) . The wallum sedge frog is considered threatened throughout its geographic range, being listed as 'vulnerable' under the Commonwealth's Environmental Protection and Biodiversity Conservation Act 1999, Queensland's Nature Conservation Act 1992 and New South Wales' Threatened Species Conservation Act 1995. Habitat loss and fragmentation are considered to be the main threats to the species (Ehmann 1997; Hines et al. 1999; Meyer et al. 2006) . Mortality on roads that traverse habitat has also been identified as a threat (Goldingay and Taylor 2006) . Various authors have reported that the wallum sedge frog is found among emergent vegetation in wallum wetlands (Ingram and Corben 1975; Liem and Ingram 1977; Ehmann 1997; Lewis and Goldingay 2005) . However, associations of the wallum sedge frog with individual plant species, or structural components, within the frog's habitat have not been identified. The present study investigates breeding habitat utilisation of the wallum sedge frog by comparing perch observations with perch availability in wetlands throughout its mainland range.
Materials and methods

Field methods
Records of wallum sedge frog sightings collated by Meyer et al. (2006) were used to select survey areas spread throughout the geographic range of the species on the Australian mainland, from Great Sandy National Park (Cooloola Recreation Area), Queensland, in the north to Yuraygir National Park, New South Wales, in the south (Fig. 1) . In Queensland, Fraser Island and the islands of Moreton Bay were excluded from the scope of this study, due to limits on time and resources. For each survey area, one or more lines were used to search for waterbodies. Each search line captured at least one location at which the wallum sedge frog has been recorded. All search lines were placed within the coastal wallum landscape and, in total, they captured the most common wetland communities recorded in wallum landscapes (Griffith et al. 2003; DERM 2005) . To capture variation along salinity gradients, search lines were aligned perpendicular to the coastline, or as near to perpendicular as practical within the constraints of surrounding anthropogenic disturbances. Using a Global Positioning System (GPS) receiver (Trimble ® JunoÔ SC) for guidance, the search line was followed and every waterbody encountered was surveyed. The maximum time allowed on each line was two days. Distances searched along the lines therefore differed in response to individual site characteristics, such as the size and frequency of waterbodies, and vegetation density (see Results section for the resulting distances). For the purposes of this study, any wetland with standing water was considered to be a waterbody. This definition includes swamps that consist of a collection of small disconnected pools.
For each waterbody encountered along the search line, one or more (depending on waterbody size) line transects were surveyed. For relatively small waterbodies, a single transect crossed the waterbody from edge to edge, passing through the deepest part of the waterbody, or as near as practical. Transect lengths for these smaller waterbodies ranged from 59 to 200 m (n = 14). For larger waterbodies, a single edge-to-edge transect was not practical. These larger waterbodies had two or three distinct vegetation zones, and a transect was placed in each zone (perpendicular to the vegetation gradient). Total length of transects in these larger waterbodies ranged from 184 to 316 m (n = 5).
For each waterbody transect, vegetation species cover was measured using five quadrats (each 5 m Â 5 m) equally spaced along the transect, except for one transect where only three quadrats were used due to time restriction. The latter transect was in a Baumea sedgeland patch with minor variation in vegetation community composition, so three quadrats were considered sufficient in this case. Within each quadrat, the four most dominant plant species, plus all other species with estimated foliage cover >5%, were identified and percentage foliage cover for the species was visually estimated. Percentage foliage cover was defined as the percentage of the quadrat occupied by the vertical projection of foliage and branches. walked in front for all frog surveys, to standardise observer effect. Vegetation was parted where visibility was obscured, to minimise the influence of vegetation density on detectability.
Size class and perch substrate were recorded for each wallum sedge frog seen. Two size classes were defined, as per Lewis and Goldingay (2005) : snout-vent length <16 mm ('juvenile') and !16 mm ('adult'). Perch substrate was recorded, except where it was unknown because the frog was jumping when detected. For vegetative perches, the perch was recorded to the most specific level of identification practical during the surveys. Several upright sedge species (Cyperaceae) could not be differentiated during the frog surveys. Instead, upright sedge species were grouped into two types: (1) 'septate', comprising Baumea articulata and Chorizandra spp.; and (2) 'terete', comprising Baumea rubiginosa, B. teretifolia, Schoenus brevifolius and S. scabripes. Dead parts of plants that were no longer attached to a live plant were regarded as 'debris'. Plants were identified using identification keys of Stanley and Ross (1983 , 1986 , 1989 and The Royal Botanic Gardens And Domain Trust (2011). Surveys were completed during March 2010. March is considered to be a time of high levels of activity and reproduction for the wallum sedge frog (Ehmann 1997; Hopkins 2003) . All surveys were completed within a relatively short period (four weeks) to minimise variation in seasonal influence among survey areas. All survey areas received substantial rain during the 30 days before the surveys, with levels recorded at nearby weather stations in the range 0.22-0.40 m. Rainfall for the 12-month period before surveys was not greatly below average for any area, although the second half of 2009 was substantially drier than normal in the Cooloola and Mooloolah River survey areas. Evidence of recent fire was present in two wetlands -one in Cooloola and one in Mooloolah River. These fires may have occurred during the second half of 2009, when conditions were drier than normal. Light rain occurred at some sites during or immediately before surveys.
Data analysis
Waterbodies were treated as subsamples and combined if proximity and vegetation maps (Griffith et al. 2003; DERM 2005) suggested that the waterbodies are part of the same wetland complex with a shared population of wallum sedge frogs that can move freely between the waterbodies. The subsequent sampling unit is referred to hereafter as a 'wetland', which may comprise one or more waterbodies. Data analysis was restricted to wetlands at which at least five adult wallum sedge frogs were observed to reduce the likelihood of apparent substrate association occurring by chance. Only perch substrates that occurred with at least 5% cover on four or more of those wetlands were examined individually. Other perch substrates were grouped into their structural groups: 'herbaceous plants' or 'shrubs'. Thus, perch substrates examined were 'terete upright sedge species', 'septate upright sedge species', Baloskion pallens (a thin sedge-like herbaceous plant), 'other herbaceous plants' and 'shrubs'. The swamp grasstree, Xanthorrhoea fulva, was included in the herbaceous plants due to its trunkless form.
For each wetland, the proportion of adult wallum sedge frogs observed on each substrate type was calculated from the total for all transects in the wetland. Frogs for which the perch substrate was not known were excluded. The proportion expected on each substrate type was calculated from the vegetation foliage cover measures for the transects in the wetland. The proportion of available vegetation for each substrate type was calculated by dividing foliage cover for the substrate type by the total foliage cover for all shrubs and herbaceous vegetation. Tree cover was not included in the calculation because foliage above~2 m was not searched for frogs. Only a small fraction of shrubs had foliage above 2 m, so the total of shrub and herb cover was considered to adequately represent the vegetation that was searched. For wetlands with more than one transect, foliage cover for each substrate type was calculated using transect averages weighted proportionally to allow for different transect lengths.
The Wilcoxon signed rank test was used to determine whether the proportion of frogs observed on each substrate type was greater or less than the proportion expected (a = 0.05). Pairs of values were excluded where the proportion expected was equal to zero, since usage of a substrate type is not possible where it is not present. Differences were ranked using the 'Pratt' method. The tests were performed in R (R-core Development Team 2010) using the wilcox.test function and the wilcoxsign_test function of the coin package ver. 1.0-18 (Hothorn et al. 2006) .
Results
The perch substrate was observed for five or more adult wallum sedge frogs in 13 wetlands (Table 1 ). The number of frogs observed in the wetlands ranged from five to 44 (Table 1 ). All frogs were perched on emergent plants. A high proportion of frogs was perched on the upright Baumea, Schoenus and Chorizandra sedges (Cyperaceae) (75.3%), or the thin sedge-like Baloskion pallens (Restionaceae) (12.1%). Small numbers of frogs were perched on shrubs (5.5%), Xanthorrhoea fulva (3.8%), Empodisma minus (Restionaceae) (1.1%) and other herbaceous plants, including Gahnia spp. (2.2%). No frogs were seen perched on any parts of trees or the small amounts of debris that were present above the water line, and no frogs were in the water when detected. While walking between waterbodies, six adult wallum sedge frogs were seen in wallum communities outside wetlands, with the total distance between waterbodies being at least 6.5 km. For these frogs outside wetlands, perch substrate included Xanthorrhoea fulva, Banksia ericifolia, Gahnia and unidentified shrubs (2).
In the 13 wetlands with five or more adult wallum sedge frogs, the proportion of individuals observed on upright sedge species, as a single group, significantly exceeded the proportion expected on the basis of availability (Fig. 2a, Table 2 ). The proportion observed on the 'terete' subgroup of upright sedges also significantly exceeded the proportion expected (Fig. 2b , Table 2 ). However, the proportion observed on the 'septate' subgroup of upright sedge species did not differ significantly from the proportion expected (P = 0.125) ( Table 2) . Septate upright sedges occurred in only five wetlands, which may have been insufficient for a significant result despite the proportion of frogs observed on the perch type exceeding its availability in four out of five wetlands (Fig. 2c) . The proportion of frogs observed on Baloskion pallens was significantly lower than the proportion expected on the basis of availability (Fig. 2d, Table 2 ). As a group, other herbaceous species were also used significantly less than expected (Fig. 2e, Table 2 ). In this group, Empodisma minus, Blechnum indicum (swamp water fern) and mosses were most common, while less abundant species included Xanthorrhoea fulva (swamp grasstree), Leptocarpus tenax (Restionaceae), Gahnia sieberiana (saw-sedge) and Sporadanthus caudatus (Restionaceae). The proportion of frogs observed on shrubs was also significantly less than expected (Fig. 2f, Table 2 ). A wide variety of shrubs occurred in the sites, with Leptospermum liversidgei being the most common and abundant.
Discussion
Knowledge of habitat usage is lacking for frog species that breed in the acidic waters of coastal 'wallum' (Meyer et al. 2006) . The wallum sedge frog has been variously reported to be found among Gahnia sieberana (Ingram and Corben 1975) , 'emergent vegetation and reeds' (Liem and Ingram 1977) , 'sedges and rushes' (Ehmann 1997) and 'sedges, reeds and ferns' (Meyer et al. 2006) . Lewis and Goldingay (2005) found that the wallum sedge frog most commonly occurs in 'sedge swamps', which they described as being 'typically . . . dominated by Baumea and Restio (now known as Baloskion) sedges . . . with an occasional upper stratum comprising wallum bottlebrush (Callistemon pachyphyllus) and broad-leaved paperbark (Melaleuca quinquenervia)'. The present study is the first to quantify usage of individual plant species and structural forms by the wallum sedge frog. During the relatively warm month of March, adult wallum sedge frogs showed a strong tendency to perch on upright sedge species, in particular the group of terete upright sedges (Baumea rubiginosa, B. teretifolia, Schoenus brevifolius and S. scabripes) . All other plant groups appear to be mostly avoided.
Many amphibians have colouration that blends with their habitat (Norris and Lowe 1964; Toledo and Haddad 2009) . Wallum sedge frogs may be selecting upright sedge species over other available perch types due to a need for camouflage to avoid detection by predators. The wallum sedge frog is a small, slender frog that appears to blend with the morphology of sedge leaves and culms, while its green or brown colour forms (Lowe and Hero 2012) appear to match the respective green or brown colours of live (green) or dead (brown) leaves and culms of the sedges. Baloskion pallens is terete and upright, but thinner and less robust than the group of upright sedges, possibly making it less suited to the frog's size, shape and colouration. The other herbaceous plants and shrubs found in the study sites also appear to be less suitable for the frog.
There are important limitations to the present study. First, the results might not apply to juveniles, as habitat utilisation can differ between adults and juveniles of anurans (Beard et al. 2003) . To determine habitat utilisation by juveniles, surveys of juveniles following breeding events are required. Second, it is likely that a substantial proportion of adult wallum sedge frogs were not detected during the present study. Six of the study wetlands were being surveyed monthly at the time of the present study (Katrin Lowe, unpubl. data) . These six wetlands were distributed throughout the study area, being at Cooloola (2), Beerwah, Mooloolah, Tyagarah and Yuraygir. Lowe recorded relatively low adult densities during March 2010 at all six sites. Densities 4-10 times higher were recorded at five of the six wetlands during at least one other survey within 40 days of the survey in the present study. A large proportion of individuals therefore appear to have been behaving in an inconspicuous manner during surveys of the present study. Many frog species are known for conspicuous mating behaviour (Wells 1977) . The inconspicuous behaviour of individuals in the present study might be associated with non-breeding activities, such as foraging or predator avoidance. Non-breeding activities of the wallum sedge frog are not well understood, and use of habitat by the species may differ from one activity to another. Therefore, the results of the present study might not apply to all forms of behaviour for the wallum sedge frog. Furthermore, the species is known to occur in habitat away from waterbodies. A small number of individuals were recorded away from waterbodies during the present study. Other authors have also recorded small numbers of individuals in habitat away from waterbodies, including dry heathland (Lewis and Goldingay 2005) , Banksia woodland and open eucalypt forest (Hines and Meyer 2011) . The species could potentially use habitat several kilometres from the waterbodies in which it breeds, as has been found with Litoria cooloolensis, another 'sedge frog' that breeds exclusively in wallum wetlands (Simpkins et al. 2011) . Perch substrate use in non-breeding habitats may be quite different, particularly if non-breeding habitat lacks upright sedges.
Conservation implications
The mainland areas in which the wallum sedge frog occurs are experiencing rapid growth in human populations with consequent rapid rates of land development. South-east Queensland's human population is~2.7 million and growing at one of the highest rates in Australia (Hutson et al. 2008) , while coastal areas of northern New South Wales are among the fastest growing areas in that state (DECCW 2009) . Effective assessment of impacts on the wallum sedge frog before proposed land developments, together with effective control of impacts when developments proceed, are therefore particularly important. The national recovery plan for the species suggests that better understanding of breeding habitat usage is also required so that critical habitat for the species can be defined and subsequently maintained (Meyer et al. 2006) . Knowledge of the preferred perch species identified by the present study will assist with identification of important habitat and detection of the species where proposed land development might impact the species. This knowledge will also assist with selection of plant species for habitat to be restored or constructed, such as the ponds created as an attempt to mitigate loss of habitat due to development of the Tugun Bypass at the Gold Coast in south-east Queensland (EcoPro Pty Ltd 2004) . In summary, the preferred perch species identified by the present study provide critical 
